Figure S2
Collage illustrating STEM-EELS compositional maps of the as-synthesized Pt-Fe nanoparticles. In each of these data sets, the green and red maps reveal the projected Fe and Pt distribution within the particles, respectively. The composite maps constructed by overlapping Pt (red) versus Fe (green) are also provided. From the highlighted white arrows, the compositional inhomogeneities leading to particle disorder can be clearly evidenced. Further, a careful observation of the particle surfaces in the composite Pt (red) versus Fe (green) maps shows no evidence for the Fe-enrichment and thus, confirms that the as-synthesized particles did not bear a surfacesegregated Fe-rich shell. 
SECTION 1
Heat transfer in nanoparticles can be dealt by assuming a 'lumped system' wherein the interior temperature remains uniform at any times during the heat transfer process (illustrated in Figure SS3 below). The temperature of such 'lumped' bodies can be taken as a function of time only, T(t). Hence, we can talk about the temperature of a nanoparticle with no reference to a specific location. Consider a nanoparticle of mass m, atomic-volume V, surface-area A s , density ρ and specific heat c p initially at the room temperature (RT). Assume heat-treatment carried out by two different approaches A and B.
Approach-A involves treatment at 400 (see Figure S3 ) wherein the nanoparticle is exposed to RT (30 min) + 200°C (30 min) + 400°C (30 min) overall.
Approach-B involves isothermal treatment at 500°C for 1 hour.
At time t=0, the nanoparticle is placed in ambient at RT.
h is the heat-transfer co-efficient
In the time-interval dt, the temperature of nanoparticle rises by dT. Hence, an energy-balance can be made on the nanoparticle for time-interval dt as follows.
Heat-transfered into the nanoparticle = Increase in the energy of the in time-interval dt nanoparticle during dt
RT ~ 25°C, solving the expressions:
In other words, the temperature of the nanoparticle raised is about 2.5 times more from isothermal annealing at 500 for 1 hour, than a treatment at 400.
Figure S4
Figure S4 provides direct evidence to Ostwald ripening ( Figure S4a ) and coalescence ( Figure S4c ) on the atomic-scale. STEM-HAADF images shown were captured during the in situ thermal treatment described in the main text. Figure S4a shows a series of STEM-HAADF images that demonstrate ripening. Particle-L (same as that shown in Figure 3c (1)) can be clearly seen residing with another particle, termed particle-S. The time-series of STEM-HAADF images shown, illustrate the shrinking of particle-S via atom Back-to-RT! migration, and also, changes to its shape and morphology. These observations are more obvious especially on comparing images at the 3 rd and 17 th minutes. Figure S4b is a schematic illustration describing this process. Figure S4c provides direct evidence to coalescence of an atomic-cluster with the particle-L. The event was captured through a dramatic series of ultra-fast image acquisitions as demonstrated, wherein an entire atomic cluster (∼1 nm) detaches from an intermediate-size particle and has coalesced with particle-L during the heat treatment at 400. Figure S4d describes this process using schematic illustration.
Figure S5
Figure S5 illustrates different regions selected for EELS quantification listed in Table  1 . It is important to note that a typical EELS spectrum image is essentially a 3D data cube. Two dimensions correspond to lateral position coordinates x and y. The third dimension corresponds to electron energy loss (ΔE). The image shown in Figure  S5 represents 2D x,y data of the spectrum image and by selecting a particular region along x and y, we also set the boundary for extracting energy loss information. Thus, regions such as particle core and a shell can be analyzed individually.
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